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Abstract: The section oi linear induc- 
tion accelerator ( LIA) with a strong guiding 
ragnctic field (up to 1.5 T), with output beam 

up t3 2 G?: and impulse duration :OO ns 
~~w~~eated and experimentally investigated.Thc 
beam energy gain is equal to 10 kcV/cm with 
the beam current up to I.5 kA. In LIA it is 
used annular megrieticaly insulated cathode 
with explosive emissicn; the large length of 
the bezrr proFagatior1 ( 1.5 m) without spoiling 
of the bear, with high beam energy gain is 
established. The power microwave radiation 
about 3OClOO MW was achieved from relativistic 
cberenkav travellin:; j,zve tu';e with high expo- 
nentional 
-2.J rent (ji,aft' On 

basis cf LIA and high- 
r 3 . 

l.IrtrodGction 

:,est time in connection with the probleI[. 
of linear colliders and compact high gradient 
accelerators tuil?lng tbc cr'ee: s1;ccesrcs WcrC 
achieved in cower microvawe radiation ampli- 
fiers of centimetre and mlllimetre wavelength 
r a n f e with relativistic electron bearr,s appli- 
cation. A lir.ear induction accelerator beams 
were use3 in the exFerinents with the microva- 
we power amplifiers in k'EL2 - [1,2] and in the 
rflativistic klystrons [I? ,111 . 

The rclativlstic cherenkov 'J\!'I' is attracti- 
vc in the considered wave range by its simpli- 
city and efficiency. 1 n comparison with F'EI. 
the rslativistic fWT ha:; a considerable edvan- 
tage in space expcnentional gain (It has a 
large electron-wave coupling coefficient) and 
it does rot demand large electron enougies 
( space exponentional gain is inversly propor- 
tional to the electron energy). 

2. Relativistic TWT on the base of 

SINUS-5. 
Our first experimectk with the relativistic 

cherenkov TWT have been done at the Institute 
of Applied Physics of Academy of Sience USSR 
(Gorky) witt "SIDXS-5" [5] -a short pulse ac- 
celerator. In this experiments the annular 
electron bearr.s with 350+600 keV kinetic energy 
1 .:t2 kA currents and 5 ns duration were used. 
The beams were formed by annular magnetically 
insulated cathode with explosive emission. For 
bearr focusing it was used hdmogeneous longitu- 
dinal magnetic field with btrengih 10 + 20 kG. 
The slow symmetric electrical wave EC.1 of the 
oversized round waveguide with corrugated side 
wall have been chosen as an operating one. The 
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Input siTna1 at RP uaveleugth A= 8.24 mm was 
drived into the operating waveguide through the 
quasi-optical mirror (Fig.1 ). 

Fi,r.l . Scheme of the experiment: 
l-decelerating corrugated cylindrical 

-surface wa.veguide; 
2-annular electron. beam; 
3-rragnetic field coils; 
4-lYagnetr0r1; 
5-waveguide transmissiorz line; 
G-quasi-optical mirror; 
T-mirror fastening system; 
e-node transformer; 
'j and 10-vacuum windosis; 

II-microwave absorber. 
The space exponertionel gain in a linear regi- 
mc is obtained by the formula 

j!(‘! ; 2 J$d. 5. A$- (I> 

where d(in the expginient d-1) is determined 
by particle-wave synchronism detuning and the 
beam space charge, d, is electron. relativis- 
tic factor. Parameter C is an analogue of the 
claccical Pierce's parameter: 

(2) 

where I is a beam current, d is an electron- 
-wave coupling impedance. The parameter values 
were varied in the experiment in the range 
c=o.4+0.55 by varying z? when the electron 
beem diameter was changed. The exFonentiona1 
gain gradient and efficiency calculated values 
were equal to 3+4 dB/cm and 20 % accordingly. 
In the experiment when the Pierce's parameter 
had the smaller value C = 0.4 the output power 
had a linear dependence as a function of the 
input power, but when C =0.55 the ontpuQ puwaz 
saturation was observed (Fig.2). 
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Fig.2. 
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Output power as a function of 
input signal. 

The measured exponentional gain gradient cor- 
responded to the calculated values. The total 
exponentional gain was equal to 
a linear regime and KS= 44t2 dB 

K,=48+2 dB in 
-in a power 

saturation regime. The peak power was equal to 
70 I IOC MW with input signal power 4 kW and 
beam efficiency 8 + 11 X. The radiation pulse 
duration was close to the current pulse 
duration 4 ns. The efficiency value obtained 
by experiment was two times less than calcula- 
ted one, that can be evidently explained by 
EHll 

mode admixture at the level 5+10 % with 
the basic power that is coursed by imperfecti- 
on of radiation input into the oversized wave- 
guide. 

The second run of the experiments that is 
specified by its greater electron bean pulse 
duration, have been done at JINR using one 
section of the linear induction accelerator 
that had been modified from the section inten- 
ded for electron-ion ring acceleration. 

S.Linear induction accelerator of 
the annular bean. 

The block diagram of the Installation 
shown in Figure 3. 

is 

Fig.3. Scheme of the experimental plant. 

A modulator (2) drives one section (1) 180 cm 
low, consisting of 18 inductors. There are 
two permalloy cores in each of inductor having 
the dimensions 460 x 230 x 25 mm3. The guiding 
magnetic field forming system (3) permits to 
produce the pulse magnetic field with strength 
Bz up to 15 kG and 1.2 ms pulse duration in 
~~~ctap~~~~:a~P~ho~~ert~re 170 mm in ditmeter 

in uctor cores magne ieing 

The accelerator section with help of tran- 
sition chamber (TC) is adjusted to additional 
solenoid (AS) where diagnostics devices and 
different electrodynamic structures for expe- 
riments on microwave relativistic electronics 
may be placed. The magnetic field strength in 
ASisupto15kG with5ms pulse duration. 
The modulator contains a forming line with 
linear (8) and ncn-linear (9) sections, three 
magnetic generator pulse chains for power com- 
pression (IO) and comutator-thyratron (lq).The 
peak modulator power working on the equivalent 
load is equal to 7.5 GW. 

The electron-emitting source having magne- 
tized annular cathode with explosive emission 
is situated in a first third of the accelera- 
tor section. The graphite cathode (C) and ano- 
de (A) location in the dielectric accelerating 
tube 120 mm in diameter are shown in Figure 3. 
The voltage summation with respect to l/3 of 
the section is provided by metallic cathode- 

-'nolder. 
We have attained 1.7+1.E MV summary accele- 

rating voltage with 1.3+1.5 kA beam current, 
the impulse voltage plateau is equal to 
60 ns (Fig.4). 

&. 

20ns 

Fig.4. a) summery accelerasln& 
voltage pulse; b) diode current 
Fulse; c) current pulse observed 

at the section exit. 

The measured peak energy of accelerated elect- 
rons is equal to 1.5 P'IeV, peak beam power of 
2 GW has been achieved, maximum electric field 
strength in accelerating regime that was achi- 
eved on the last 2/3 of the section length 
(ignoring diode) is 10 kV/cn. 

It have been shown experimentally that the 
kinetic energy of the accelerated in the sec- 
tion beam differs from the corresponding vol- 
tage approximately by an amount of potential 
difference between the beam boundary and acce- 
lerating tube wall. 

The beam cross-section dimensicn have been 
measuared in TC and AC with the help of images 
on tin-plate. A characteristic image at the 
distance 120 cm from the cathode corresponding 
to the cathode diameter is shown in Figure 5a. 
The beam compression in AS have been accompli- 
shed by changing magnetic field strength on 
the cathode. In Figure 5b) and c) the beam 
images in AS obtained in identical conditions 
exept the acceleration rate in the accelera- 
ting section part (b-acceleration rate is 
? kV/cm c -7 kV/cn) are snown. This images 
are illustrating the decrease of the diocotron 
instability space increment under the be m ac- 
celeration and possibility of the B annu ar 
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Pig. 5. Electron beam images on the 
target. 

electror. bear transportation at a great dis- 
tance when acceleration rate is large. 

4 . IW:' amplifier on the LIA. 

The using LlA experiments on microwave po- 
wer amplification have been done with the fol- 
lowing beam parameters: beam energy 
500 t $00 ke'v', current 0.5 f 0.7 kA, pulse 
duraticn abcut GO ns. 

The energy increase and electron current 
cccrease as compared with the first run of the 
experiments led to the Pierce's parameter 
lowering. t1 c w e 1' e r ) inspite of this, the 
possibility cf the system self-exitation was 
higher In the seccnd run of the experiments 
because 05 the greazer current pulse duration. 
Therefore for parasitic self - exitation 
suppression one was forced to use in consisted 
of two sections TWT microwave absorber provi- 
ding greater than in the first run cf the 
experiments wave damping up to 10 t 20 dB. In 
accordance with calculation in the experiment 
it have been obtained exponentional gain 
1.5 dB/C!rl. If the electron energy have been 
within the amplification bend the microwave 
pulse duration was close to the current dura-- 
tion. As in the first nun cf the experiments 
the cutput emission on the whole ccnsistod of 
EO.l wave and small addition o< the nonsym- 
metrical types of waves. Soon after the micro- 
wave filter made in the form of cylindrical- 
-surface waveguidc section having the longitu- 
dinal slots, letting Zo.1 WZi\'EZ pass and sup- 
pressing H,,, waves (in which the slow waves 
are converted on the matched transition from 
the corrugated waveguide tc uniform one) have 
been set into the output waveguide transmission 
line,the radiation power diminished not more 
than or 5 + 10 % but the field structure and 
its polarization began to correspond to the 
"pure" E0.1 wave (Fig.b).The peak radiation 
power was 25 t 30 MW with the exponentional 
gain 35 f 38 dB and efficiency 10 8. 

The made experiments have demonstrated the 
possibility and relative simplicity of achle- 
ving in relativistic cherenkov millimeter 
wavelength range TWT of large pulse power (up 
to 100 MW) with the great exponentional gain 
(close to 53 dB). 
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Fig.6. Picture of the neon-filled lamps 
annunciation panel glow under the action 
of the output microwave radiation.. 


